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(57) ABSTRACT

A projector can be connected in cascade to another projector.
Either a first mode for the projector to operate as a leading
projector in the cascade connection or a second mode for the
projector to operate as a second or subsequent projector in
the cascade connection is set. The projector is made avail-
able for use based on success of authentication by an
authentication unit or on reception of use permission infor-
mation of the projector by a receiving unit.
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1
PROJECTOR AND CONTROL METHOD FOR
PROJECTOR

The present application is a continuation application of
U.S. patent application Ser. No. 13/534,858 filed on Jun. 27,
2012, which claims priority from Japanese Patent Applica-
tion No. 2011-148903 filed Jul. 5, 2011, which are expressly
incorporated by reference herein.

BACKGROUND

1. Technical Field

The present invention relates to a projector and a control
method for a projector.

2. Related Art

According to a related art, as a method for preventing
unauthorized use of a projector, inputting a personal iden-
tification number via a remote controller (remote) is known.
However, in an installation environment where plural pro-
jectors are used in the same place, it is troublesome to input
a personal identification number to all the projectors every
time the projectors are started up.

JP-A-2005-351996 discloses a projector which authenti-
cates when a USB key is inserted into or removed from the
projector or when an RF tag is held over the projector.

Such a projector can prevent unauthorized use of the
projector without requiring input of a personal identification
number.

However, with the projector of JP-A-2005-351996,
though input of a personal identification number is not
required, the user needs to carry out an operation for
authentication near all the projectors and the time and effort
required before the use is not reduced. Moreover, when the
projector is hung from the ceiling, there is a problem that the
user cannot carry out an operation of inserting or removing
a USB key or holding an RF tag over the projector.

SUMMARY

An advantage of some aspects of the invention is to solve
at least a part of the problems described above, and the
invention can be implemented as the following forms or
application examples.

Application Example

This application example of the invention is directed to a
projector which modulates and projects light emitted from a
light source according to image information, including: a
transmitting unit and a receiving unit which enable connec-
tion in cascade to at least one other projector and are adapted
for communicating with the other projector which is con-
nected in cascade; a mode setting unit which sets either a
first mode for the projector to operate as a leading projector
in the cascade connection or a second mode for the projector
to operate as a second or subsequent projector in the cascade
connection; an input operation unit which accepts an input
operation; an authentication unit which authenticates to
make the projector available for use; and a control unit
which controls an operation of the projector. The control unit
makes the projector available for use on success of authen-
tication by the authentication unit or on reception of use
permission information of the projector by the receiving
unit.

According to this application example, the projector is
made available for use on success of authentication by the
authentication unit or on reception of use permission infor-
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mation. Thus, the time and effort to perform an authentica-
tion operation for all the plural projectors that are connected
in cascade can be eliminated.

Also, when the leading projector in the cascade connec-
tion is authenticated, use permission information can be
sequentially sent to the second and subsequent projectors
and these projectors become available for use. Thus, by
authenticating only the leading one projector in the cascade
connection, all the projectors can be made available for use.

Also, first identification information which identifies the
projector itself and second identification information which
identifies a next projector in the cascade connection may be
provided. The second identification information together
with the use permission information may be transmitted to
the next projector. The next projector may become available
for use when the second identification information received
together with the use permission information coincides with
the first identification information which identifies this next
projector. Thus, when there is a projector that is connected
in an unauthorized way in the cascade connection, this
projector can be prevented from becoming available for use.

Also, when the second or subsequent projector in the
cascade connection does not receive the use permission
information within a predetermined period of time, authen-
tication may be carried out as with the leading projector in
the cascade connection. Thus, even when a problem occurs
in a connected projector for some reason and the use
permission information cannot be transmitted thereto, this
projector can be made available for use by authentication.

Moreover, the projector can be made available for use
either on success of authentication by the authentication unit
or on reception of the use permission information. Thus, the
time and effort to carry out the authentication operation for
all the plural projectors connected in cascade can be
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference
like elements.

FIG. 1 is a block diagram showing the circuit configura-
tion of a projector.

FIGS. 2A to 2D show a cascade connection of projectors.
FIG. 2A shows a state where projectors are connected by
wires. FIG. 2B shows a state where a projector PJ2 accepts
use permission information from a projector PJ1. FIG. 2C
shows a state where use permission information is transmit-
ted from the projector PJ2 to a projector PJ3. FIG. 2D shows
a state where all the projectors are available for use.

FIG. 3 is a flowchart showing operations of a projector.

FIGS. 4A to 4C show examples of warning message. F1G.
4A shows an example of warning message when authenti-
cation fails. FIG. 4B shows an example of warning message
when use permission information is not received within a
predetermined period of time. FIG. 4C shows an example of
warning message when received identification information
does not conform.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, an embodiment of the invention will be
described with reference to the drawings. The following
embodiment is not intended to limit the invention described
in the accompanying claims. Not all combinations of fea-
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tures of the embodiment are essential to measures for
resolution according to the invention.
First Embodiment

FIG. 1 is a block diagram showing the circuit configura-
tion of a projector 1 according to this embodiment.

As shown in FIG. 1, the projector 1 includes an image
projection unit 10, an OSD processing unit 16, an image
signal processing unit 17, an image signal input unit 18, a
control unit 20, a storage unit 21, an input operation unit 23,
a light source control unit 25, a power supply terminal 30,
a power supply unit 31, a receiving unit 41, a transmitting
unit 42 and the like. These units are housed inside a casing
of the projector 1, not shown.

The image projection unit 10 includes a light source 11,
three liquid crystal light valves 12R, 12G, 12B as a light
modulating device, a projection lens 13 as a projection
system, a liquid crystal driving unit 14 and the like. The
image projection unit 10 modulates, with the liquid crystal
light valves 12R, 12G, 12B, light emitted from the light
source 11, thus forms image light, and projects the image
light from the projection lens 13, thereby displaying an
image on a screen SC or the like.

The light source 11 includes a discharge-type light source
lamp 11a made up of an ultrahigh pressure mercury lamp,
metal halide lamp or the like, and a reflector 115 which
reflects light radiated by the light source lamp 11a toward
the liquid crystal light valves 12R, 12G, 12B. The light
emitted from the light source 11 is converted to light with a
substantially uniform luminance distribution by an optical
integration system, not shown, and is separated into color
light components of the primary colors of light, red (R),
green (G) and blue (B), by a color separation system, not
shown. Then, the color light components become incident
respectively on the liquid crystal light valves 12R, 12G,
12B.

Each of the liquid crystal light valves 12R, 12G, 12B
includes a liquid crystal panel formed by a pair of transpar-
ent substrates with liquid crystal enclosed between these
substrates. In the liquid crystal light valves 12R, 12G, 12B,
plural pixels (not shown) arrayed in a matrix are formed and
a drive voltage can be applied to the liquid crystal at each
pixel. As the liquid crystal driving unit 14 applies a drive
voltage corresponding to inputted image information to each
pixel, each pixel is set to a light transmittance corresponding
to the image information.

Therefore, the light emitted from the light source 11 is
transmitted through and thus modulated by the liquid crystal
light valves 12R, 12G, 12B, and image light corresponding
to image information is formed for each color light compo-
nent. The resulting image light components of the individual
colors are combined for each pixel by a light combining
system, not shown, and thus form color image light. Then,
the color image light is projected in an enlarged manner onto
the screen SC or the like by the projection lens 13.

In the above embodiment, the projector 1 which projects
light using the light source lamp 11a as the light source 11
is described as an example. However, the invention can also
be applied to a projector which projects light using an LED
(light emitting diode) light source or laser light source as the
light source thereof. In the above embodiment, the image
projection unit 10 including the light source 11 and the
transmitting-type liquid crystal projection system using the
three liquid crystal light valves 12R, 12G, 12B as a light
modulating device is described as an example. However, the
image projection unit 10 may also employ light modulating
devices of other display systems such as reflection-type
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liquid crystal display system or micro mirror device system
(light switch display system).

The control unit 20 includes a CPU (central processing
unit), a RAM (random access memory) used for temporarily
storing various data, and the like. The control unit 20
operates according to a control program (not shown) stored
in the storage unit 21 and thus performs general control over
operations of the projector 1. That is, the control unit 20,
together with the storage unit 21, functions as a computer.

The control unit 20 includes an authentication unit 201
which authenticates the projector 1, a mode setting unit 202
which sets either a first mode for the projector 1 to operate
as a leading projector in a cascade connection or a second
mode for the projector 1 to operate as a second or subsequent
projector in the cascade connection, and a timer 20a which
measures time.

The storage unit 21 includes a rewritable non-volatile
memory such as flash memory or FeRAM (ferroelectric
RAM) . In the storage unit 21, a control program for
controlling operations of the projector 1, various setting data
prescribing operating conditions of the projector 1 and the
like are stored. In the storage unit 21, first identification
information 21a which identifies the projector 1 and second
identification information 215 which identifies a projector of
a transmission destination which is connected in cascade
with the projector 1 and to which information is transmitted
by the transmitting unit 42 are saved as setting data.

When authentication succeeds with authentication infor-
mation inputted by the input operation unit 23, which will be
described, the projector 1 transmits use permission infor-
mation P1 together with the second identification informa-
tion 215 from the transmitting unit 42 if there is a projector
that is registered in the second identification information
215.

The input operation unit 23 is for the projector 1 to accept
an input operation from a user. Although not shown, the
input operation unit 23 has plural operation keys for the user
to give various instructions to the projector 1. These opera-
tion keys are configured in the form of main body keys
provided on an outer surface of the casing of the projector
1 or in the form of a remote controller (remote) for carrying
out input operations remotely.

The operation keys provided on the input operation unit
23 include a power key to switch power-on and power-off
alternately, a input switch key to switch plural input termi-
nals for input to the image signal input unit 18, a menu key
to display setting menus for various settings in a superim-
posed manner, a cursor key for the user to select a setting
item from a menu, a decision key, an escape key, and
authentication operation keys (for example, numeric keys)
or the like to input authentication information in order to
make the projector 1 available for use.

As the user operates various operation keys on the input
operation unit 23, the input operation unit 23 outputs an
operation signal corresponding to the user’s operation con-
tent to the control unit 20. The input operation unit 23 may
be configured with a remote (not shown) capable of remote
operations with a remote signal receiving unit (not shown).
In this case, the remote issues an operation signal of infrared
ray or the like corresponding to the user’s operation content.
The remote signal receiving unit receives this signal and
transmits the signal as control information to the control unit
20.

The image signal input unit 18 has plural image input
terminals. At each image input terminal, image information
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is inputted from an external image output device such as
video player device or personal computer via a cable, not
shown.

The image signal processing unit 17 converts the image
information inputted from the image signal input unit 18 to
image information representing the gradation level of each
pixel in the liquid crystal light valves 12R, 12G, 12B. Here,
the converted image information is classified by color com-
ponents R, G, B and includes plural pixels values corre-
sponding to all the pixels in each of the liquid crystal light
valves 12R, 12G, 12B. A pixel value defines the light
transmittance of the corresponding pixel. This pixel value
prescribes the intensity (gradation level) of light that is
transmitted through and emitted from each pixel.

The OSD processing unit 16 carries out processing to
display an OSD (on-screen display) image such as menu
image or message image in a superimposed manner on a
projection image, based on an instruction from the control
unit 20. The OSD processing unit 16 has an OSD memory,
not shown, and the OSD memory stores OSD image infor-
mation representing graphic patterns, fonts and the like for
forming OSD images.

As the control unit 20 gives an instruction to display an
OSD image in a superimposed manner, the OSD processing
unit 16 reads out necessary OSD image information from the
OSD memory and combines this OSD image information
with image information inputted from the image signal
processing unit 17 so that the OSD image is superimposed
at a predetermined position on the projection image. The
image information combined with the OSD image informa-
tion is outputted to the liquid crystal driving unit 14.

Meanwhile, when no instruction to superimpose an OSD
image is given by the control unit 20, the OSD processing
unit 16 outputs the image information inputted from the
image signal processing unit 17, directly to the liquid crystal
driving unit 14.

As the liquid crystal driving unit 14 drives the liquid
crystal light valves 12R, 12G, 12B according to the image
information inputted from the OSD processing unit 16, the
liquid crystal light valves 12R, 12G, 12B form an image
corresponding to the image information and this image is
projected from the projection lens 13.

The light source control unit 25 controls the light source
11 to supply or stop power, based on an instruction from the
control unit 20, and thus switches the light source 11 on and
off.

The power supply unit 31 is supplied with power of AC
100V or the like from outside via the power supply terminal
30. The power supply unit 31 converts the inputted power
(AC power) to predetermined DC power and supplies power
to each part of the projector 1. The power supply unit 31 can
also switch between a state where the power supply unit 31
supplies necessary power for projection of an image (oper-
ating power) to each part (power-on state) and a state where
the power supply unit 31 stops supply of operating power
and stands by for an operation to turn on power (standby
state), based on an instruction from the control unit 20.

The receiving unit 41 communicates with the other pro-
jector(s) connected in cascade and receives the use permis-
sion information P1 and the second identification 215.

The transmitting unit 42 communicates with the other
projector(s) connected in cascade and transmits the use
permission information P1 and the second identification
information 215.

Next, operations in a cascade connection of projectors
according to this embodiment will be described with refer-
ence to FIGS. 2A to 2D.
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FIG. 2A shows a state where projectors PJ1, PJ2, PJ3 are
connected by wire. Projector PJ1 includes a receiving unit
41a and a transmitting unit 42a, projector PJ2 includes a
receiving unit 415 and a transmitting unit 424, and projector
PJ3 includes a receiving unit 41¢ and a transmitting unit 42c¢.
The projectors PJ1, PJ2, PJ3 are connected in cascade, with
the transmitting unit 42a of the projector PJ1 connected to
the receiving unit 415 of the projector PJ2, and with the
transmitting unit 425 of the projector PJ2 connected to the
receiving unit 41¢ of the projector PJ3. The projector PJ1 as
the leading projector in the cascade connection is set to the
first mode. The projectors PJ2, PJ3 as the second and
subsequent projectors are set to the second mode. At this
point, all the projectors PJ1, PJ2, PJ3 are on standby for use.

As shown in FIG. 2A, the projector PJ1 as the leading
projector in the cascade connection carries out authentica-
tion on input of a personal identification number from an
input operation unit 23a. When the authentication is suc-
cessful, the projector PJ1 becomes available for use, as
shown in FIG. 2B, and the use permission information P1 is
transmitted from the projector PJ1 to the projector PJ2. At
this point, also the second identification information 215 is
transmitted by the transmitting unit 42a. However, the
description of this transmission is omitted here.

In FIG. 2B, as the projector PJ2 accepts the use permis-
sion information P1 from the projector PJ1, the projector PJ2
becomes available for use, as shown in FIG. 2C, and the use
permission information P1 is transmitted from the projector
PJ2 to the projector PJ3.

In FIG. 2C, as the projector PJ3 accepts the use permis-
sion information P1 from the projector PJ2, the projector P3
becomes available for use, as shown in FIG. 2D. Thus, all
the projectors are now available for use.

Next, operations of the projector of this embodiment will
be described with reference to the flowchart of FIG. 3.

As shown in FIG. 3, when the power of the projector 1 is
turned on by a power-on operation on the input operation
unit 23 (step S101), the control unit 20 examines whether the
first mode is set by the mode setting unit 202 (the projector
1 is the leading projector in the cascade connection) or not
(step S102).

When the first mode is set by the mode setting unit 202
(step S102:Y), the processing shifts to step S103. When the
first mode is not set by the mode setting unit 202, that is,
when the second mode is set (step S102: N), the processing
shifts to step S110.

In step S103, the authentication unit 201 authenticates
based on input of a personal identification number from the
input operation unit 23 or the like and processing shifts to
step S104.

In step S104, the control unit 20 examines whether the
authentication in step S103 is successful or not. When the
authentication is successtul (step S104: Y), the processing
shifts to step S105. When the authentication fails (step S104:
N), the processing shifts to step S116.

In step S105, the control unit 20 examines whether
effective information is saved in the second identification
information 215 or not. When effective information is saved
in the second identification information 215 (step S105:Y),
the processing shifts to step S106. When effective informa-
tion is not saved in the second identification information 215
(step S105: N), the processing shifts to step S107.

In step S106, the control unit 20 transmits the use per-
mission information P1 and the second identification infor-
mation 215 from the transmitting unit 42 and shifts to step
S107.
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In step S107, the control unit 20 projects, by the image
projection unit 10, an image signal inputted from the image
signal input unit 18 and ends this flow.

In step S110, the control unit 20 starts measuring time by
the timer 20a and shifts to step S111.

In step S111, the control unit 20 examines whether the
elapsed time on the timer 20q is a predetermined time T1
(for example, 20 seconds) or not. When the elapsed time on
the timer 20a is the time T1 (step S111: Y), a warning
message M2 is projected for a predetermined period of time
(step S112) and the processing shifts to step S103. An
example of the warning message M2 in this case is shown
in FIG. 4B.

Meanwhile, when the elapsed time on the timer 20a is not
the time T1 (step 111: N), the processing shifts to step S113.

In step S113, the control unit 20 examines whether the use
permission information P1 and the second identification
information 2154 are received by the receiving unit 41 or not.
When the use permission information P1 and the second
identification information 215 are received (step S113:Y),
the processing shifts to step S114. When the use permission
information P1 and the second identification information
215b are not received (step S113: N), the processing shifts to
step S111.

In the step S114, the control unit 20 examines whether the
second identification information 215 received in step S113
coincides with the first identification information 214 or not.
When the second identification information 216 coincides
with the first identification information 21a (step S114: Y),
the processing shifts to step S105. When the second iden-
tification information 215 does not coincide with the first
identification information 21a (step S114: N), the processing
shifts to step S115.

In step S115, the control unit 20 projects a warning
message M3 for a predetermined period of time by the image
projection unit 10 and shifts to step S117. An example of the
warning message M3 in this case is shown in FIG. 4C.

In step S116, the control unit 20 projects a warning
message M1 for a predetermined period of time by the image
projection unit 10 and shifts to step S117. An example of the
warning message M1 in this case is shown in FIG. 4A.

In step S117, the control unit 20 turns off the power of the
projector 1 to shift to a standby state and ends this operation
flow.

As described above, according to the projector 1 of this
embodiment, the projector 1 is made available for use, on
authentication by the authentication unit or reception of the
use permission information P1. Thus, the time and effort to
authenticate all the plural projectors connected in cascade
can be eliminated.

As the leading projector in the cascade connection is
authenticated and becomes available for use, the use per-
mission information P1 is sequentially sent to the second
and subsequent projectors and these projectors become
available for use. Thus, by authenticating only the leading
projector 1 in the cascade connection, all the projectors can
be made available for use.

Also, the first identification information 21a which iden-
tifies the projector PJ1 and the second identification infor-
mation 215 which identifies the next projector PJ2 con-
nected in cascade are provided. The second identification
information 215 is sent together with the use permission
information P1 to the next projector PJ2.
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When the second identification information 215 received
together with the use permission information P1 coincides
with the first identification information 21a which identifies
the next projector PJ2, the projector PJ2 becomes available
for use.

Thus, when there is a projector 1 connected in an unau-
thorized manner in the cascade connection, this projector 1
can be prevented from being used.

Also, in the case where a projector operates as the second
or subsequent projector PJ2 in the cascade connection, when
the use permission information P1 is not received within a
predetermined period of time, authentication is carried out
by the authentication unit 201 similarly to the leading
projector PJ1 in the cascade connection. Thus, when the
connected projector PJ1 cannot transmit the use permission
information P1 for some reason, the next projector PJ2
connected in cascade can be authenticated and the use
permission information P1 can be transmitted thereto.
Therefore, the authenticated projector PJ2 and the subse-
quently connected projector (PJ3) can be made available for
use.

The embodiment can be modified as follows.
Modification 1

In the projector 1 of the embodiment, when the first mode
is set by the mode setting unit 202, the authentication unit
201 carries out authentication based on an input operation
form the input operation unit 23. However, authentication
may be carried out using authentication information
acquired from an external storage medium. Thus, by con-
necting a storage medium storing authentication information
to one projector, all the projectors connected in cascade can
be made available for use.

What is claimed is:

1. A projector which modulates and projects light emitted
from a light source according to image information, the
projector comprising:

a transmitting unit and a receiving unit which enable
connection to at least one other projector and are
adapted for communicating with the other projector;

an input operation unit which accepts an input operation;

an authentication unit which authenticates to make the
projector available for use; and

a control unit which controls an operation of the projector;

wherein the control unit causes the authentication unit to
perform authentication when the input operation unit
accepts the input operation of authentication informa-
tion and makes the projector available for use based on
success of authentication by the authentication unit,
and

the control unit causes the receiving unit to accept use
permission information of the projector when the
receiving unit receives the use permission information
of the projector and makes the projector available for
use based on acceptance of the use permission infor-
mation of the projector.

2. The projector according to claim 1, wherein

when the projector becomes available for use, the control
unit causes the transmitting unit to transmit the use
permission information to the other projector.

3. The projector according to claim 1, further comprising

a storage unit that stores first identification information
which identifies the projector,

wherein, when the receiving unit receives the use permis-
sion information and second identification information,
and when the second identification information coin-
cides with the first identification information, the pro-
jector is made available for use.
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4. The projector according to claim 1, further comprising
a storage unit that stores second identification information
which identifies the other projector to which the use per-
mission information is transmitted,

wherein, when the projector becomes available for use,

the control unit causes the transmitting unit to transmit
the use permission information and the second identi-
fication information to the other projector.
5. A control method for a projector which modulates and
projects light emitted from a light source according to image
information, the projector including a transmitting unit and
a receiving unit which enable connection to at least one other
projector and are adapted for communicating with the other
projector, and an input operation unit which accepts an input
operation, the method comprising:
authenticating to make the projector available for use;
making the projector available for use based on success of
the authentication when the input operation unit accepts
the input operation of authentication information; and

making the projector available for use based on accep-
tance of use permission information of the projector
when the receiving unit receives the use permission
information of the projector.
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6. The control method according to claim 5, further
comprising:
causing the transmitting unit to transmit the use permis-
sion information to the other projector when the pro-
jector becomes available for use.
7. The control method according to claim 5, further
comprising:
storing first identification information which identifies the
projector, and
making the projector available for use when the receiving
unit receives the use permission information and sec-
ond identification information, and when the second
identification information coincides with the first iden-
tification information.
8. The control method according to claim 5, further
comprising:
storing second identification information which identifies
the other projector to which the use permission infor-
mation is transmitted,
causing the transmitting unit to transmit the use permis-
sion information and the second identification informa-
tion to the other projector when the projector becomes
available for use.

#* #* #* #* #*



